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In extending the multislice method, both Pauli equation-and Dirac equation-based approaches have been pursued. The Pauli equation in particular is probably sufficient to deal with most of the measurable effects in electron microscopy, however particular care has to be taken in Lorentz boosting the field in the appropriate reference frame [2] .
To date, the Pauli equation-based approach has been applied only to the interaction of electrons with the external field of a lens system. In particular, ref [2] proposed an extension of the Fourier Transform (FT) -based method that allows for the inclusion of the components of the magnetic potential field orthogonal to the propagation direction. While these terms are naturally included in real-space multislice simulations [3] , their inclusion in FT multislice algorithm has required a strong change.
The extension of the formalism to include the interaction of electrons with the field inside of a material is more complicated. The main reason for this is that magnetic fields are typically extended over distances much larger than the lattice periodicity. We will therefore discuss a few possible approximations that can be used to describe this interaction, and especially the validity of a short-range cutoff that permits the incorporation of magnetic field effects on the atomic scales, where the field tends to be most intense.
Fig1 shows a few columns of Fe [001] which are magnetized in the horizontal direction, orthogonal to the propagation direction. This situation could only be experimentally produced in Lorentz mode, since the objective field would produce a very large field along the direction of propagation magnetizing the sample in that direction. It is nonetheless useful as a case study. Fig 1a is an image of the exit wavefunction after interaction with the atomic electrostatic potential .  Fig 1b is an image of the phase effect due to the Lorentz force produced by atoms, which are modeled as dipoles. Fig 1c is the part of the wavefunction that has undergone a spin flip due to interaction with the atomic magnetic field. According to mechanisms highlighted in a previous work [4] , the spin flip is associated with a change in the orbital angular momentum of the wavefunction.
Unfortunately, and, consistently with scalar multislice simulations, we find that Orbital Angular Momentum (OAM) is not conserved in the elastic interactions due to the non-circularly symmetric crystalline potential. A noticeable exception is the case when vortex states are coupled with the Bloch waves of lower transverse energy which feel a locally radially symmetric potential [5] . Fig 2 shows the simulated propagation of a very narrow vortex beam after interaction with a sample . Fig 2a is an image of the exit wavefunction of a probe concentrated on a Fe column. Figures 2b and c are images of the small fraction of the wavefunction that has undergone a spin flip. The difference between the two images depends upon the opposite spin-OAM projection of the initial state. We can see that the OAM of the final state is drastically different in the two cases. 
